The arrhythmia potential has not been investigated adequately in psoriatic patients. In this study, we assessed the ventricular repolarization dispersion, using the Tp-e interval and the Tp-e/QT ratio, and investigated the association with inflammation. Material and methods: Seventy-one psoriasis vulgaris patients and 70 ageand gender-matched healthy individuals were enrolled in the study. The severity of the disease was calculated using Psoriasis Area and Severity Index scoring. The QTd was defined as the difference between the maximum and minimum QT intervals. The Tp-e interval was defined as the interval from the peak of the T wave to the end of the T wave. The Tp-e interval was corrected for heart rate. The Tp-e/QT ratio was calculated using these measurements. Results: There were no significant differences between the groups with respect to basal clinical and laboratory characteristics (p > 0.05). The Tp-e interval, the corrected Tp-e interval (cTp-e) and the Tp-e/QT ratio were also significantly higher in psoriasis patients compared to the control group (78.5 ±8.0 ms vs. 71.4 ±7.6 ms, p < 0.001, 86.3 ±13.2 ms vs. 77.6 ±9.0 ms, p < 0.001 and 0.21 ±0.02 vs. 0.19 ±0.02, p < 0.001 respectively). A significant correlation was detected between the cTp-e time and the Tp-e/QT ratio and the PASI score in the group of psoriatic patients (r = 0.51, p < 0.001; r = 0.59, p < 0.001, respectively). Conclusions: In our study, we detected a significant increase in the Tp-e interval and the Tp-e/QT ratio in patients with psoriasis vulgaris. The Tp-e interval and the Tp-e/QT ratio may be predictors for ventricular arrhythmias in patients with psoriasis vulgaris.
Introduction
Psoriasis is a chronic and inflammatory skin disease that is observed in approximately 1-3% of the overall population [1, 2] . While it is basically characterized by its dermatological nature, the effects of the sys-temic inflammation may involve the whole body and the cardiovascular system. Studies have revealed increased rates of cardiovascular disorders including hypertension, atherosclerosis and cardiac valve diseases in patients with psoriasis [3, 4] . On the other hand, the effects of chronic inflammation on the cardiac conduction system and the arrhythmia potential have not been adequately investigated. A limited number of studies have reported an increased QT dispersion and its potential as a predictor for a probable arrhythmia in psoriasis patients [5, 6] . However, the effect of prolonged ventricular repolarization indices on arrhythmogenic risk and sudden cardiac death (SCD) in these patients has not yet been clarified.
QT dispersion (QTd), corrected QT dispersion (cQTd) and Tp-e (transmural dispersion of repolarization) are well-established indicators of myocardial repolarization abnormalities [7, 8] . The time from the T wave peak to the end of the T wave (Tp-e) on ECG, and the ratio of this time to the QT interval (Tp-e/QT) are newly identified parameters for myocardial repolarization dispersion [8, 9] . An increased Tp-e interval was associated with increased cardiovascular mortality and ventricular tachyarrhythmia [10] [11] [12] . In addition, the Tp-e/QT ratio was claimed to be more valuable than the QTd, cQTd, Tp-e parameters in assessing the ventricular repolarization dispersion [13, 14] . In this study, the ventricular repolarization dispersion was evaluated using the Tp-e interval and the Tp-e/QT ratio in patients with psoriasis vulgaris, and its association with inflammation was investigated.
Material and methods

Study population
Seventy-one psoriasis vulgaris patients, who presented to Ondokuz Mayıs University and Gazi State Hospital Dermatology Clinic between May 2013 and January 2014 (diagnosed via punch biopsy), and 70 age-and gender-matched healthy individuals were included in the study. Patients with hypertension (HT), diabetes mellitus (DM), history of coronary artery disease (CAD), left ventricular (LV) wall motion abnormality, an LV ejection fraction (LVEF) less than 50%, primary cardiomyopathy, valvular heart disease, bundle branch block and atrioventricular conduction abnormalities on ECG, non-sinus rhythm, thyroid dysfunction, left ventricular hypertrophy on transthoracic echocardiography, anemia, renal failure, pulmonary disease, electrolyte imbalance, ECGs without clearly analysable QT segment, and patients taking class I-IV antiarrhythmic drugs, digitalis, tricyclic antidepressants, antipsychotics, or antihistaminics were excluded from the study.
Biochemical measurements
Biochemical parameters were measured using commercial kits and the Abbott ARCHITECT c8000 (Abbott Laboratories, USA) auto-analyzer. Hematologic parameters were measured with the Abbott CellDyn 3700 (Abbott Laboratories, USA) device via the laser and impedance method. The immunonephelometric method (BN ProSpec System protein analyzer, Siemens Healthcare Diagnostics, Deerfield, IL, USA) was used for measurement of high-sensitivity C-reactive protein (hs-CRP).
Disease severity
The severity of the disease was evaluated by the Psoriasis Area and Severity Index (PASI) (range: 0-72). Extent of the skin lesions located on the head, trunk, and upper and lower limbs was assessed (score range for each location: 0-6). The following features of the skin lesions were evaluated: erythema (0-4 points), infiltration (0-4 points), and desquamation (0-4 points) [15] .
Electrocardiography 12-lead ECG was performed at a rate of 50 mm/s and 20 mm/mV amplitude following a 10-minute rest with the patient in the supine position (Nihon Kohden, Tokyo, Japan). ECG measurements of QT and Tp-e intervals were performed by two cardiologists, who were blinded to the patient data. To decrease the error measurements, QT and Tp-e intervals were measured manually with calipers and a magnifying glass. An average value of three readings was calculated for each lead. The QT interval was measured based on the interval between the start of the QRS complex and the end of the T wave on lead DII, and was corrected for the heart rate using Bazett's formula (i.e., QTc = QT/√R -R interval). The QTd was defined as the difference between the maximum and minimum QT intervals of the 12 leads [16] . The Tp-e interval was defined as the interval from the peak of the T wave to the end of the T wave. Measurements of Tp-e interval were performed from the precordial leads [10] . The Tp-e interval was corrected for heart rate. The Tp-e/QT ratio was calculated using these measurements. Inter-observer and intra-observer coefficients of variation were 3.1% and 2.8%, respectively.
Standard echocardiography
Echocardiography investigations were performed by an experienced cardiologist, who was unaware of the patient's clinical status, in the left lateral decubitus position, using a GE Vingmed Vivid 7 (GE Vingmed Ultrasound, Horten, Norway) echocardiography device. Obtaining the paraster-nal long axis, short axis, apical four-chamber and two-chamber images, the assessment was performed using the M-mode, 2D, continuous wave Doppler, pulse wave Doppler method based on the American Society of Echocardiography criteria [17] . The values were measured on three separate beats, and then averaged for all parameters. Left ventricular mass and its index (LVMI) were measured as described by Devereux et al. using the equation previously presented [18] . Accordingly, LVMI was compared to body surface area. Left ventricular mass and its index values higher than 125 g/m² in men and 110 g/m² in women were regarded as indicating the presence of left ventricular hypertrophy (LVH).
Statistical analysis
All parameters were expressed as mean ± standard deviation. All data were analyzed using SPSS for Windows version 15.0 software (Chicago, IL, USA 
Results
The study enrolled 141 patients in total, including 71 patients with psoriasis vulgaris and 70 healthy individuals. The basal clinical and laboratory characteristics of the patients are presented in Table I . There was no significant difference between the groups in age, gender, body mass index (BMI), systolic and diastolic blood pressure, heart rate, lipid parameters, creatinine, glucose, white sphere count, hemoglobin, platelet count, serum electrolytes (Na, K, Ca) or the thyroid-stimulating hormone (TSH) values. However, hs-CRP levels were significantly higher in patients with psoriasis compared to controls (1.8 ±0.8 vs. 1.0 ±0.8 mg/l, p < 0.001).
While the mean PASI score was detected to be 5.75 ±2.1 in the psoriatic patients, the mean disease duration was 129.8 ±71.4 months ( Table I ).
The echocardiographic investigations revealed no significant differences between the groups (p > 0.05) (Table II) There was a significant correlation between the cTp-e time and the Tp-e/QT ratio, and the PASI score in the group of psoriatic patients (r = 0.51, p < 0.001; and r = 0.59, p < 0.001, respectively) (Figures 1 and 2) . Additionally, the cTp-e interval and the Tp-e/QT ratio were significantly correlated with the hs-CRP levels (r = 0.54, p < 0.001; and r = 0.48, p < 0.001, respectively).
IVS -ventricular septal thickness, PW -posterior wall thickness, LVEDD -left ventricular end-diastolic dimension, LVESD -left ventricular end-systolic dimensions, LA -left atrium, LVEF -left ventricular ejection fraction, RV -right ventricular, sPAP -systolic pulmonary artery pressure, DT -deceleration time, IVRT -isovolumetric relaxation time, E -early diastolic flow, A -atrial contraction signal, LVM -left ventricular mass, LVMI -left ventricular mass index.
Discussion
In our study, we found that the patients with psoriasis vulgaris had a significantly prolonged Tp-e interval and Tp-e/QT ratio, compared to the controls. In addition, these electrocardiographic parameters were significantly correlated with the plasma hs-CRP level, reflecting the severity of the disease, and the PASI score.
Psoriasis vulgaris is a common, autoimmune, inflammatory skin disease [19] . Recent studies show an increased risk of cardiovascular disease in patients with psoriasis vulgaris [20] [21] [22] . While the association between development of arrhythmia and inflammation has been investigated, data on rhythm and conduction abnormalities are very limited in psoriatic patients [23] . In several studies, the heart rate, premature atrial and ventricular beat were reported to be increased in psoriatic patients [24, 25] . Moreover, there are data supporting the disturbances in heart rate variability and recovery times which develop on the basis of autonomic dysfunction in psoriasis [26, 27] .
While the QT dispersion is considered as an indicator of the regional ventricular repolarization, increased values are associated with arrhythmia and sudden cardiac death [28, 29] . Two previous studies demonstrated prolonged QTd and cQTd intervals in patients with psoriasis vulgaris [5, 6] . In our study, we also detected higher QTd and cQTd intervals compared to those in the control group. Still, the Tp-e and the Tp-e/QT parameters were not evaluated previously in psoriatic patients. Recent studies show that the Tp-e interval is an index of the total spatial dispersion of cardiac repolarization [8, 14] . Increased dispersion of repolarization is one of the several factors that may promote malignant ventricular arrhythmias [30] . Accordingly, a long Tp-e has been associated with malignant arrhythmias in the long QT syndrome [31] , the Brugada syndrome [10] , in hypertrophic cardiomyopathy [32] and in patients with myocardial infarction [12, 33] . However, it is affected by the variations of the heart rate and body weight. Tp-e/QT ratio was reported to be a more accurate marker for ventricular arrhythmogenesis compared to Tp-e interval and QTd, due to its independence from the heart rate [14, 33] .
It has been demonstrated that Tp-e duration and prolongation of Tp-e/QT ratio are predictors of ventricular arrhythmia. In the study of Letsas et al. [34] , they found higher Tp-e duration and Tp-e/QT ratio in patients with Brugada syndrome, in whom ventricular tachycardia (VT)/ventricu- Figure 2 . Scatter analysis of the correlation between the Tp-e/QT index and the PASI score in psoriatic patients lar fibrillation (VF) was induced in electrophysiological studies (EPS); when compared with the patients in which ventricular tachycardia (VT)/ ventricular fibrillation (VF) was not induced, the values were 88.82 ±15.76 ms and 0.227 ±0.034 ms, respectively. Similarly, in a long-term follow-up study performed by Castro Hevia et al. [10] , they found that Tp-e duration ≥ 100 ms in Brugada syndrome could predict recurrent life-threatening ventricular arrhythmias with 77.8% sensitivity and 70% specificity. In a long-term follow-up study by Watanabe et al. [13] , in which patients with organic heart disease were investigated, Tp-e duration in patients in whom spontaneous VT had developed was 125 ±23.2 ms and cTp-e duration was 132 ±37.4 ms. Again, in the study of Zhao et al. [33] , in which the relation between ventricular repolarization indices and prognosis of acute coronary syndrome (ACS) was investigated and in which the mean duration of follow-up was 17 months, they found that Tp-e/QT ≥ 0.29 predicted cardiac death (cardiac failure, fatal arrhythmia and sudden death, and fatal myocardial infarction) with 83% sensitivity and 71% specificity. In the current study, lower ventricular repolarization indices were found in patients with psoriasis when compared with the abovementioned studies. The absence of organic heart disease in the psoriasis group might contribute to lower Tp-e and cTp-e duration and Tp-e/QT ratio.
The present study is the first to report the Tp-e interval and the Tp-e/QT rate. Studies performed to date have demonstrated increased rates of Tp-e interval and Tp-e/QT in autoimmune diseases, including rheumatoid arthritis, systemic lupus erythematosus, and ankylosing spondylitis, exhibiting an intense systemic inflammation response. In addition, this increase was detected to be correlated with inflammatory parameters [35] [36] [37] . Some authors underlined the fact that this electrical abnormality could be a predictor of potential cardiac arrhythmias and cause predisposition. While the exact mechanism of the increase in the Tp-e interval and Tp-e/QT in patients with psoriasis vulgaris is not clearly established, we believe that the chronic inflammation process occurring in this disorder contributes to the ventricular repolarization heterogeneity. As a matter of fact, we found a significant correlation between the Tp-e time and the Tp-e/QT rate, and the hs-CRP level and the PASI score in patients with psoriasis vulgaris.
We did not assess the association between the ventricular arrhythmias and the Tp-e interval and Tp-e/QT ratio. Also, the study population could not be followed up prospectively for ventricular arrhythmic episodes. Thus, long-term follow-up and largescale prospective studies are needed to determine the arrhythmogenic risk and sudden cardiac death (SCD) prediction value of prolonged Tp-e interval and increased Tp-e/QT ratio in psoriasis vulgaris patients. Finally, manual measurements of QT and Tp-e intervals on a paper-printed electrocardiogram is a potential limitation, and the patients being only Turkish in ethnicity, the collection of data from two centers and the absence of information related to the socioeconomic status of the patients might constitute an impediment in the adjustment of our results to the general population.
In conclusion, we detected a significant increase in the Tp-e interval and the Tp-e/QT rate in patients with psoriasis vulgaris. Additionally, the ventricular repolarization indices were observed to be associated with inflammation and the severity of the disease. In conclusion, the Tp-e interval and the Tp-e/QT rate could be considered as significant predictors of potential ventricular arrhythmia in patients with psoriasis vulgaris.
